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Part I indicates a deficiency, the correction of which is necessary because it adversely
affects:

a. Airworthiness of the aircraft.

b. The ability of the aircraft (or piece of equipment) to accomplish its primary or
secondary mission (or intended use).

c. The effectiveness of the crew as an essential subsystem.

d. The safety of the crew or the integrity of an essential subsystem. In this regard, a
real likelihood of injury or damage must exist. Remote possibilities or unlikely
sequences of events shall not be used as a basis for safety items.

Part II indicates a deficiency of lesser severity than a Part I which does not substantially
reduce the ability of the aircraft or piece of equipment to accomplish its primary or
secondary mission, but the correction of which will result in significant improvement in the
effectiveness, reliability, maintainability, or safety of the aircraft or equipment. A Part II
deficiency is a deficiency which either degrades the capabilities of the aircraft or equipment
or requires significant operator compensation to achieve the desired level of performance;
however, the aircraft or equipment being tested is still capable of accomplishing its mission
with a satisfactory degree of safety and effectiveness.

Part III indicates a deficiency which is minor or slightly unpleasant or appears too
impractical or uneconomical to correct in this model, but should be avoided in future
designs.
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ABSTRACT

This in-flight research project evaluated the utility of a Workload Assessment Device (WAD)
to measure pilot workload for approach and landing tasks under simulated instrument
meteorological conditions, alternate HUD formats and control stability variations. The
flight tests were conducted in an NT-33A research aircraft, extensively modified for the Air
Force and Navy by the Display Evaluation Flight Test program. The hardware, software, and
test procedures associated with the WAD functioned efficiently with only minor discrep-
ancies and minimum pilot distraction. The project established the feasibility of using an
item-recognition task as a measure of sensory-response loading and reserve information
processing capacity while flying precision approaches. In a descriptive statistical treatment
of the data, the results indicate an appreciable increase in reaction time and errors with
degraded handling qualities as compared to ground baseline measures and good handling
qualities. The preliminary findings also reveal consistent trends toward the availability of
more mental reserve capacity when flying predominantly pictorial/symbolic HUD configura-
tions as compared to conventional HUD formats with scales and alphanumerics. It is
recommended that further evaluations be conducted to establish the efficacy of utilizing the
WAD to measure mental workload in a wide variety of aircrew tasks.

Distribution limited to U.S. Government agencies only; Test and Evaluation; May 1980.
Other requests for this document must be referred to Commander, Naval Air Test Center,
Patuxent River, Maryland Z0670.
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INTRODUCTION

BACKGROUND

1. New developments in cockpit display designs and integrated weapons system avionics
have significantly altered the role of the pilot from that of a skilled, manual control
operator to an executive manager of an integrated weapons system. Emphasis on
psychomotor control has been augmented by an interest in more cognitive skills represented
by such functions as short-term memory, information processing, and decision making. Few
measurement techniques exist which are able to provide an objective, reliable, and valid
estimate of the subtle differences in workload introduced by these new systems. To date,
methodology for objectively quantifying workload has not been effectively applied to the
flight test and evaluation of aircrew systems. New approaches to the measurement of
workload are, therefore, required.

2. This project introduced a novel approach to the traditional manner of measuring pilot
workload. Aircrew workloads are typically measured by subjective assessnent rating scales
which are based on pilot opinions that relate operational task demands to system response
characteristics, e.g., Cooper-Harper Handling Qualities Rating Scale. The new approach
applied in this project is an item-recognition task first identified by Sternberg
(reference 1)(1) and modified by the Air Force (reference Z) to measure the reserve capacity
of the pilot. The approach assumes that an upper bound exists on the ability of the pilot to
gather and process information. As the pilot's workload increases on the primary task, i.e.,
flying the aircraft, reserve capacity for processing information decreases until a point of
overload is reached by the pilot. At this point, the information processing demands of the
task exceed the pilot's total workload capacity and is manifested by degradation in
performance (i.e., increase in errors and response times) on the secondary item-recognition
task.

3. The theoretical formulation of the item-recognition task, as proposed by Sternberg
(figure 1), has several attractive features which make it ideally suited for evaluating the
source of increase in task-loading in aircraft test environments. The theory assumes a
least-squares, linear regression fit of the data where the intercept represents the
input/output component and the slope depicts the mental information processing component
of the item-recognition task. If, for example, the sensory-response mode (i.e., input/output,
stages I and 3 of figure 1) are impaired by degraded display characteristics or multiple
response overload, the theoretical expectation is a change in the y-intercept of the
regression line with no change in slope. Conversely, if the source of task-loading was one
which affected the pilot's mental information processing capabilities (e.g., short-term
memory overload), the expectation is a change in the slope of the curve without a
corresponding change in the intercept value. Either result would be a decrease in the pilot's
reserve capacity for processing information.

(1)All references are cited in appendix A.
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SLOPE = INCREASE IN PROCESSING WITH EACH
UNIT INCREASE OF MEMORY LOAD (STAGE 2)

SLOW

II

< TIME TO PROCESS X UNITS OF MEMORY""_

] TIME TO PERFORM STIMULUS INPUT AND OUTPUT (STAGES 1 AND 3)

0 1 2 3 4 5 6 7 8

SIZE OF MEMORY SET

Figure 1
Theoretical Components of the Item

Recognition Task Proposed by Sternberg
where a = Intercept and b = Slope

4. The use of the item-recognition task to assess primary task workload is not a new
concept in aircrew flight simulation studies (references 3 and 4). However, the uniqueness of
its application in this project is that a Workload Assessment Device (WAD) that generates
and controls the secondary item-recognition task was designed, fabricated, and installed in
an NT-33A aircraft to measure and analyze the pilot's reserve workload capacity for the
Display Evaluation Flight Test (DEFT) program.

PURPOSE

5. The purpose of this project was to evaluate the utility of the WAD to measure pilot
workload for approach and landing tasks under simulated Instrument Meteorological
Conditions (IMC's) for alternate HUD formats and aircraft control stability variations.

DESCRIPTION OF AIRCRAFT/EQUIPMENT

6. The NT-33A variable stability aircraft is an extensively-modified, T-33 jet trainer. The
elevator, aileron, and rudder controls in the front cockpit were disconnected from their
respective control surfaces and connected to separate servo-mechanisms that make up an
"artificial feel" system. In addition, the elevator, aileron, and rudder control surfaces were
connected to individual servos which were driven by a number of different electrical inputs.
This arrangement, through a response-feedback system, allowed the normal T-33 stability
derivatives to be augmented to the extent that the handling qualities of the hypothetical
research configurations were simulated. A more comprehensive description of the NT-33A
can be found in reference 5.

7. The DEFT system provided a fully software-programmable display system to comple-
ment the variable stability features of the host-modified NT-33 aircraft. Relative to the
aircraft configuration, the DEFT system provided the capability of changing display formats
and changing the algorithms and dynamics of the display driving signals. The display system
consisted of a HUD, two digital computers, a magnetic tape system, an INS, sensors to
augment the existing aircraft sensors, and a display repeater and mode control unit for the
aft cockpit.

Z
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8. The software programs provided an in-flight choice of two uniquely different display
configurations for use in the approach and landing phases of flight. These displays were of a
conventional F/A-18-based format (figure 2) and the predominantly symbolic Klopfstein
format (figure 3). As depicted in the figures, the F/A-18 display used a conventional format
with a flight path ladder, scales, and alphanumeric readouts of various flight parameters.
The Klopfstein display, however, is predominantly symbolic depicting the horizon, an
artificial runway overlaying the actual runway, and other flight guidance symbols.

35 360 01
I i I i I

A

5. i5
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KT 175 2500 FT
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5L- .15 LAND
4.6 DME

/ \

Figure 2
F/A-18 Based HUD Format
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9. The WAD consists of two basic units: the airborne controller and the ground-based
analysis center. The controller is configured for installation in the front avionics bay of the
NT-33A aircraft. The unit provides the electronics, power supplies, software, interfaces to
the HUD and the aircraft intercom, rear cockpit initialization switches, control stick
response switches, and data recording system necessary to perform a complete series of
item-recognition experiments. In addition, the controller can operate as a standalone
laboratory system capable of performing the same tasks as when airborne. The ground-based
data analysis center is used to initialize several software options of the controller and to
reduce and analyze response time data. A description of the functional capabilities of the
hardware and software is discussed in appendix B. A detailed description of the complete
WAD system is contained in reference 6.

SCOPE OF TESTS

10. The tests were conducted in Buffalo, New York, at the Calspan Corporation, with
on-site support from the General Electric Company and Systems Research Laboratories,
Incorporated. A total of 10 flights was flown by two Navy pilots at Niagara Falls
International Airport or Buffalo International Airport. The flights consisted of two orienta-
tion flights and eight evaluation flights of approximately 1 1/Z hr each. Each pilot flew two
evaluation flights using the F/A-18-based HUD format and two with the Klopfstein format.

11. During each evaluation flight, a pilot performed eight approaches terminating in either
a low approach or touch-and-go landing for a total of 3Z approaches per pilot. One-half of
the approaches for each flight were made using "good" handling qualities, the other half
were made using either "fair" or "poor" handling qualities. The handling qualities were
manipulated by changing the pitch response of the aircraft after every four approaches. The
response of the roll and yaw axes was held constant throughout the tests. The handling
qualities for the pitch characteristics are shown in table I.

Table I

Pitch Configuration Characteristics

Time Delay
Quality wosp/ýsp* n /a* * msecz

Good Z.6/0.7 5.6 0

Fair Z.6/0.7 5.6 150

Poor Z.6/0.7 5.6 200

*Longitudinal short period frequency to damping ratio (rad/sec).
• *Longitudinal response sensitivity (G/deg).

5
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METHOD OF TESTS

12. After several practice sessions and prior to the start of the evaluation flights, a
baseline measurement was obtained on the item-recognition task. Each pilot was given the
item-recognition task for each memory set size while sitting in the cockpit of the aircraft
stationed on the ground. The task required the pilot to memorize sets of one, two, or four
letters, i.e., A, RJ, ZPNW. The pilot was then instructed, prior to testing with each memory
set, which set of letters would be presented for memory recall. The prememorized letters
(positive) or other letters (negative) were presented on the HUD one at a time every 7sec.
The positive and negative letters were presented with a .5-probability of occurrence. Each
letter appeared on the HUD until the pilot responded or 5 sec elapsed. The pilot responded
to a letter presentation by pressing one of two designated buttons on the control stick. One
button indicated that the letter was a member of the prememorized set (positive) and the
other indicating it was not a member of the prememorized set (negative). Positive letters
never appeared as negative letters and the same positive letter sets were used throughout
the test. A total of 30 letters, 15 positive and 15 negative, was presented for each memory
set for the baseline conditions.

13. The same procedures were used in flight as during the baseline test conditions with the
exception that the pilot was flying the aircraft while performing the secondary task. An
additional experimental control allowed one approach per handling quality/display format
combination to be flown without any letter presentations to evaluate the impact of the
secondary task on the primary task of flying the aircraft.

14. The reaction times and response errors were collected and analyzed by the WAD
controller and ground-based analysis system. After each response, the reaction time was
measured from the onset of a letter to the physical response of pressing the correct button.
The reaction times for both the positive and negative letters were stored on cassette tapes.
The reaction times for the correct responses were then averaged and plotted as a function
of the memory set sizes. The response errors were coded, tabulated, and categorized by type
of error and frequency of occurrence. A response was considered an error if the pilot
pressed the wrong key (reversal error), responded correctly but after 1,500 msec
(out-of-bound error), or did not respond before 5 sec (time-out error).

15. The basic flight scenario for each approach and touch-and-go was as follows. The
Evaluation Pilot (EP) was given control of the T-33 by the Safety Pilot (SP) with the desired
display-aircraft handling quality combination. The EP then flew on instruhients while using
an orange filter over the windscreen and a blue visor attached to the helmet to simulate

IMC( 2 ). After intercepting the glide slope, the EP descended to 1,800 ft MSL to intercept
the localizer at 8 nmi. At this point, the SP turned on the digital recorder and the WAD
controller which were used to record the primary flight measures and the secondary task
measures, respectively. The EP proceeded to fly the glide slope and the localizer to perform
the approach. The outer marker was at approximately 4 miles. At 200 ft AGL and
approximately 1/Z nmi from the runway threshold, the EP "broke out" (i.e., he lifted the blue
visor) and flew visually for the remainder of the low approach (Z0 ft AGL). If conditions
permitted (fuel state, crosswind, etc.), the EP then performed the touch-and-go landing,
minimizing the sink rate on touchdown to less than 3 ft/sec. The touchdown point was a
500-ft zone, 1,500 ft from runway threshold. After liftoff and at approximately 200-ft AGL,

(2)Overlaying the two complementing colors produced a perceptual environment similar to

night IMC when the pilot attempted to view the external world.

6
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the SP turned off the WAD controller and the digital recorder. After four approaches, the
SP assumed control of the aircraft, then changed the pitch handling quality to the next
desired setting and again released control of the aircraft to the EP. A schematic plan view
of the evaluation flight scenario is presented in detail in appendix C.

16. After each block of four approaches was completed under the same pitch handling
quality, the EP and SP rated the approach and flare/landing segments of the flight profile
using the Cooper-Harper pilot rating scale as shown in appendix D. Additional commentary
data were gathered from the EP and SP throughout the flight tests by use of an audio tape
recorder, e.g., comments on degree of air turbulence.

CHRONOLOGY

17. The major milestones and associated dates are as follows:

a. Work Request received 7 December 1977

b. Contract awarded 21 July 1978

c. Device delivered 1 April 1979

d. Functional checkouts completed Z7 August 1979

e. Flight evaluations started 10 September 1979

f. Flight evaluations completed 19 September 1979

g. Data analysis completed 21 February 1980

7
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RESULTS AND DISCUSSION

GENERAL

18. The test and evaluation paradigm used in this project was a repeated measures design in
which type of display format (F/A-18-based versus Klopfstein), flight handling quality (good
versus poor), and secondary task difficulty (memory set sizes, 0, 1, Z, and 4) were
fractionally combined to form 16 different conditions. It was planned that the two EP's
would be exposed to each of the 16 conditions twice. However, due to schedule conflicts,
funding constraints, high crosswinds, and inoperative equipment, each EP was able to
complete all combinations of the test conditions only once.

19. Out of a total of eight 1.5-hr evaluation flights, a complete set of secondary task data
was analyzed for only four flights. A partial set of data was gathered for two additional
flights but, due to temperature-related failures of the write-out mechanism of the WAD
tape transport system, these data were not analyzed in this report. When it became apparent
that repeated measures could not be obtained for all test conditions, the remaining two
flights were utilized in exploring the effect of a "fair" pitch-handling quality on the
Klopfstein display for each subject.

20. The results showed that the general procedures established for the conduct of the
evaluation flight tests of the WAD were acceptable to the pilots. The in-flight procedures
provided the EP's and SP's with reliable guidelines for efficient crew coordination during
successful approaches and during incidents of equipment malfunction. Pilot comments aided
in the investigation of the most salient characteristics of the item-recognition task
including the selection, location, and timing of the letters as presented on the HUD. A
thorough testing of the WAD procedures during the project resulted in only minor software
changes and hardware replacements and clearly established the feasibility of using the
recording item-recognition task. This project also yielded recommendations for improved
alterations to the WAD software for subsequent projects which will include establishment of
an improved criterion for a cross-coupled, adaptive secondary task paradigm.

PRIMARY FLIGHT MEASURES

Z1. The primary flight measurement data taken by Calspan Corporation from the digital
recorder was divided into two defined subtasks of approach and flare/landing. The statistical
data parameters selected to describe the investigative areas of interest are shown in
appendix E. Because of the length and complexity of the analyses of the primary flight
measurement data, the results will be published under separate cover by Calspan
Corporation.

22. However, preliminary results of these analyses from Calspan Corporation indicate that
the primary flight performance parameters and Cooper-Harper ratings showed a general
inconsistency between displays and handling qualities during the approach and flare/landing
phases of the flight task. Lack of systematic differences in the primary flight measures and
Cooper-Harper ratings suggests that pilot performance remained the same for all
conditions.

8
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SECONDARY TASK MEASURES

Z3. Due to the small subject sample size (N=Z) and the lack of repeated measures as noted
in paragraphs 18 and 19, the use of an Analysis of Variance (ANOVA) statistical treatment
of the data was precluded. Analysis was restricted to exploring trends in the graphic and
tabulated reaction time and response error data.

REGRESSION EQUATIONS (REACTION TIMES)

Z4. The reaction times associated with each correct response were averaged for the
complete flight profile for each m-set size (letters 1, Z, or 4), handling quality (good or
poor), and display format (F/A-18-based or Klopfstein). Linear regression equations were
then calculated to indicate the slope and intercept of the plotted data as shown in figures 4
and 5. The data reveal that both the intercept and slope of the curves for each pilot
increased from baseline conditions when the handling qualities were degraded. These results
indicate that the WAD is sensitive to the increased sensory/response and mental processing
requirements imposed by the addition of a primary task and to the level of difficulty of that
task. For example, the largest intercept and slope changes occurred between each subject's
relative baseline and poor handling quality condition.

9
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Z5. A closer examination of the data, as tabulated in table II, reveals that the differences
in the magnitude of change in the slopes were consistently larger for the conventional
F/A-18 HUD format than the pictorial Klopfstein HUD format under either good or poor
handling qualities. This trend, relative to each subject's shift in slope magnitude, suggests
that more mental reserve capacity was available to process information while flying the
Klopfstein display than the conventional F/A-18 HUD format and while flying good handling
qualities independent of the type of display format used.

Table II.a

Linear Regression Slopes and Intercepts
for Evaluation Pilot Number 1

Handling Quality

Good Poor
Display Display

Linear
Regression Baseline F/A-18 Klopfstein F/A-18 Klopfstein

Slope 24.78 43.77 39.58 66.40 48.08
Intercept 50.Z29 60Z.25 569.80 651.40 594.75

Table ll.b

Linear Regression Slopes and Intercepts
for Evaluation Pilot Number Z

Handling Quality

Good Poor
Display Display

Linear
Regression Baseline F/A-18 Klopfstein F/A-18 Klopfstein

Slope 42.16 66.65 53.69 72.78 56.49
Intercept 423.35 460.52 572.22 575.30 604.9Z

12
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26. Reviewing the resulting changes in intercepts revealed a similar trend with regard to
the handling quality parameter. The average increase in the magnitude of change in
intercept was less for conditions of good handling qualities than for poor handling qualities.
However, with regard to the display variable, the trend was reversed from that observed for
the changes in slope; i.e., the average intercept value changed less for the F/A-18-based
format than for the Klopfstein. Assuming the observed trends would persist in a larger data
sample, the results indicated that degrading the handling qualities had a consistent effect on
the input/output stages of the item-recognition task, whereas the effect of the display
format variable on the input/output stages of the task was subject to inconsistent individual
differences. The lack of consistent trends in the changes in intercept relative to the display

variable may be due to: (1) individual differences in establishing a time-error tradeoff(3),

(Z) locations of the letter in relationship to differences in eye scan patterns, and/or
(3) different strategies of memory recall.

Z7. These results suggest that degrading handling qualities had a consistent and predomi-
nant effect of reducing the pilot's reserve capacity for all three stages of the
information-processing, secondary task. Changing the display formats appeared to yield
similar results but are subject to the influences of individual differences with regard to the
mental component of the information processing task.

Z8. The reader is reminded that these data reveal only trends and were gathered from a
sample of two pilots. Additional flight data are required with a larger pilot sample and more
replications of test conditions before definitive conclusions can be made concerning the
reliability of the results of these measures.

PERCENT ERRORS

Z9. The WAD provided an accumulative record of the number of errors, sequence of
occurrence, type of error, and reaction time associated with each error for both positive and
negative letters. The combined percent of secondary task errors for both pilots is shown in
figure 6. The error data show that as the difficulty of the secondary task was increased, i.e.,
as the m-set size increased, a corresponding decrease in response accuracy was observed
which supports the expectation of increased error rate under conditions of task overloading.

(3)The EP's were only instructed to respond as quickly and accurately as possible to the
secondary task while flying a precision approach and landing.

13
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Figure 6
Mean Percent Secondary Task Error for Memory Set Size

(Number of Letter) by Display Format and Handling Quality

30. The increases found in secondary task response errors under conditions of poor handling
qualities for both display formats are consistent with the results of the slope and intercept
reaction time data with regard to the influence of degraded handling qualities. That is,
under test conditions producing a reduction in reverse capacity, a corresponding increase in
response errors occurred.

31. In contrast, the reaction time data indicated that the type of display format
differentially influenced both the input/output and mental stages of the information
processing task, whereas response error data showed a consistently higher degree of
response accuracy under conditions of the pictorial Klopfstein display format.

14
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3Z. To further explore these results, the total percent errors were classified into the type
of error for each handling quality and display format. The secondary task errors in table III
reveal that the total percent errors were evenly distributed between incorrect responses
(reversals), late responses (out-of-bounds), and no responses (time-outs). However, when the
total percent errors are differentiated between display type and handling quality, it clearly
shows that three times as many reversal errors were committed by the EP's flying the
F/A-18-based HUD than the Klopfstein display format. Degrading the handling qualities
increased the percentage of time-out errors for the EP's flying with the F/A-18 display and
increased the out-of-bounds under the Klopfstein display format. Since it was assumed that
a time-out error would reflect a greater decrement in reserve capacity than an
out-of-bounds error, these results would imply that the EP's had less reserve capacity while
flying under the F/A-18-based HUD and degraded handling qualities than the Klopfstein
display format.

Table mII

Total Percent Error for Each Type Secondary Task
Error by Display Format and Handling Quality

F/A-18 Display Klopfstein Display
Total Handling Quality Handling Quality

Type of Percent
Error Error Good Poor Total Good Poor Total

Reversal .1Z .04 .05 .09 .01 .02 .03

Time-out .10 .01 .05 .06 .03 .01 .04

Out-of-Bounds .14 .04 .04 .08 .01 .05 .06

Total Percent
Errors .36 .09 .14 .23 .05 .08 .13

NOTE: Reversal - Incorrect response (wrong key).
Time-out - No response (>5,000 msec).
Out-of-Bounds - Late response (>1,500 msec, <5,000 msec).

33. An additional implication that has a direct impact on the results of this project and may
involve a potential improvement to the WAD scoring strategy is the selection of an
appropriate criterion for an error. The empirically-derived criterion for defining an
out-of-bounds error was set at 1,500 msec. This boundary for error measurement was
utilized to reinforce explicit instructions to respond as quickly as possible, identify correct
but delayed response strategies, and to reduce the variability associated with extreme
reaction times. However, if one selected a less stringent or more restrictive criterion for
error measurement, then it could have produced alterations in the slopes and intercepts of
the regression equations due to the skewed distribution of the percent of errors, i.e.,
four-letter set contained a larger percent of errors. Since a possible erroneous interpreta-
tion could result from the use of an inappropriate boundary criterion, it is recommended
that additional empirical analysis be conducted to assess the credibility of this technique of
error measurement.
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34. In summary, the percent of secondary task errors increased whenever the memory set
size increased, the handling qualities were degraded, and the task was performed in flight
under the F/A-18-based display format conditions. Poor handling qualities primarily induced
errors of delay or no response while the type of display affected accuracy of response.
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CONCLUSIONS

35. The hardware, software, and test procedures associated with the Workload Assessment
Device (WAD) functioned efficiently with only minor discrepancies and minimum pilot
distraction (paragraph Z0).

36. The project established the feasibility and sensitivity of using a secondary
item-recognition task as a measure of sensory/response loading and reserve information
processing capacity while flying precision instrument meteorological conditions approaches
(paragraphs 20 and 24).

37. The pilots showed an appreciable increase in reaction time and percentage of errors on
the secondary task flown under poor handling qualities as compared to good handling
qualities and ground baseline conditions (paragraphs Z4, 27, and 30).

38. The WAD revealed that the pilots had less secondary task errors, more mental reserve
capacity, but longer reaction times attributed to sensory/response delays while flying with
pictorial/symbolic HUD configurations (Klopfstein) than conventional HUD formats
(F/A-18-based) (paragraphs Z6 and 34).
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RECOMMENDATIONS

39. It is recommended that additional flight data be collected with a larger sample of pilots
and more replications of test conditions before specific definitive conclusions can be made
concerning the validity and reliability of these measures (paragraphs B3 and Z8).

40. It is recommended that additional investigations be conducted to evaluate the
credibility of using an out-of-bounds error measurement technique (paragraph 33).
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FUNCTIONAL CAPABILITIES AND HARDWARE/SOFTWARE DESCRIPTION

The SRL WAD 8085 Workload Assessment Device consists of two basic units - the airborne
controller (figure 1) and the ground-based data analysis center (figure 2). The controller is
configured to fit into the front end of an NA-T33A Navy aircraft (figures 3 and 4). The unit
provides the electronics, power supplies, software, interfaces to the General Electric (GE)
HUD and the aircraft intercom, rear seat initialization switches, response stick switches,
and data recording system required to perform a complete series of item recognition
experiments. In addition, the controller can operate as a standalone laboratory instrument
capable of performing the same tasks as when airborne. The ground-based data analysis
center is used to initialize several software options for the controller and to reduce and
analyze response time data.

HARDWARE DESCRIPTION

A functional block diagram of the WAD 8085 is shown in figure 5. The CPU Board (2) in the
airborne box (1) presents the stimulus parameters to the subject and collects and records his
responses for later data analysis. The heart of the unit is an Intel 8085 microprocessor
utilizing software routines located in erasable programmable read only memory (EPROM).
The processor is mounted on a printed circuit board using a standard S-100 bus design.
Circuits to provide 4 levels of vectored interrupts, 6144 bytes of EPROM, a 14-bit real-time
clock, 256 bytes of random access memory (RAM), two 8-bit latched and buffered output
ports, one 8-bit unlatched input port, one 6-bit input/output port, and two RS Z32 serial I/O
ports are also located on the processor board.

One of the vectored interrupts (RST 7.5) is used for a real-time clock input with resolution
of 1 millisecond per input pulse.

The 6144 bytes of EPROM are used to hold software for a debug monitor and routines for
the operation of the task. Coresident with the EPROM are 256 bytes of RAM which are used
as a buffer space and processor stack space.

One 8-bit latched output port interfaces to the GE HUD computer along with one of the 6
bits of an input port. This scheme requires the microcomputer to load an ASCII character
into the output port connected to the GE computer. When the GE computer reads the 8 bits
from its input lines, it processes the signal for presentation on the HUD. When the
character appears on the display, a pulse is sent back to the microcomputer indicating that
the character is valid. The two most significant bits of the 8-bit code sent to the GE
computer contain information for locating the character on the display.

Located on an adjacent printed circuit card in the same rack is a memory card (3). It
contains 10Z4 bytes of RAM and 16380 bytes of EPROM. The RAM is used to store data and
to provide some buffer space while the EPROM contains extensions of the run-time
routines. Also located in the same bank of memory chips are the parameters for the speech
synthesizer. The letters of the alphabet require 9100 bytes of memory.

The next printed circuit card is the speech synthesizer from Computalker Corporation (4). It
contains all the circuitry for speech synthesis. It has one output to be connected to the
aircraft intercom system.
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An interface board connection (5) to the MFE Digital tape transport (6) is provided for
reading experimental parameters and writing data files. Also located on the cassette
interface board is a real-time clock that provides a highly accurate 1 kHz time base for
measuring subject reaction times.

The response switches, located on the aircraft control stick, are interfaced to Z bits of a
parallel input port. One response switch is the stick trigger switch and the other is the stick
thumbswitch. The rear cockpit controls consist of a master reset switch and a toggle switch
for starting the task, aborting it, and restarting the same task or ending data collection,
with all data being saved. Similar switches are provided with the alternate ground-based
laboratory version of the SRL airborne box.

To initialize a digital tape for the airborne controller and to reduce the collected data, a
ground-based data analysis center is provided. The device contains a printer circuit CPU
card (Z) identical with the one used in the airborne controller, making them interchangeable.
Two other cards contain 8K each of RAM (13). The third printed circuit card holds 16K of
EPROM (14). A fourth card contains the Basic Interpreter in 16K of RAM (15). The fifth
card has a cassette interface identical to the one in the airborne controller minus the
real-time clock (5). The printed circuit cards are contained in a standard package with the
mother board back plane (16), two power supplies (9), and the digital magnetic tape recorder
(6). A standard video terminal (11) is interfaced to the package along with a printer (10).

This unit also uses the S-100 bus making it compatible with the airborne controller and many
other off-the-shelf peripherals.

SOFTWARE DESCRIPTION

The software for the airborne controller was written in Intel 8080 assembly language. The
basic scheme was to establish certain options and then loop through the task repeating each
pass with new control parameters. Each time a cassette tape is initialized from the
ground-based data analysis unit, the experimenter is required to enter some optional
parameters. These options are then used by the airborne controller for the experimental run.

1. The inter-stimulus interval (ISI) can be fixed or random. The experimenter is required
to enter the fixed interval during the tape initialization sequence prior to any experimental
run. A random sequence of ISI's ranging from 5 to 30 sec can also be entered at the time of
tape initialization.

Z. The number of probe items for the positive and negative sets combined can be any
combination up to a total of 100 letters for any single m-set presentation. The experimenter
is required to enter a random sequence of probe items during tape initialization.

3. The maximum number of positive letters in any m-set cannot exceed four (positive
probe items = 1, Z, 3, or 4). Each trial consists of presenting one sequence of positive and
negative letters and recording the results on digital tape. Any number of trials can be
presented in an experimental session but each trial must be initialized and a header file
placed on the digital tape prior to the session.
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During a data trial, the GE HUD or the speech synthesizer will present the letter. The
reaction time from stimulus onset will always be Z sec less than the ISI. Responses occurring
outside this window will be tagged for the maximum allowable time within range of the
given ISI. When the task is not in use, a minus (-) sign will be presented on the HUD. The
duration of any visual presentation on the HUD will be Z sec less than the ISI or time of
response occurrence.

In the rear seat of the NA-T33A is a three-position switch for the experimenter. The
funtions of this switch are described below.

1. When in the center (run) position, no task will run. A minusý (-) sign will be displayed on
the HUD during this time.

Z. When in the up (set/end) position, the task is initialized and the next m-set in the
sequence will run after the switch is returned to the center (run) position.

3. A momentary position (down) is provided so that any trial can be aborted. When this
switch position is used, the aborted trial will be reloaded and used as the next trial in the
sequence. The momentary position is deactivated between trials.

4. An end-of-trial position is also provided. Only after a trial has been started as per 1
and 2 above is the END feature activated. If the experimenter wishes to end a data
collection trial and save the data, the toggle switch can be moved up to the END position.
After a delay no longer than one letter presentation, a checkmark (,/) will appear on the
HUD indicating that the data have been recorded. The experimenter must then move the
switch down to its center (run) position and repeat the above sequence for the next trial.

When the data have been collected, the tape is returned to the ground-based analysis center.
All the data analysis routines are written in BASIC because of its ability to handle the data
analyses and format the output. Several routines are linked with assembly language
subroutines capable of writing to the magnetic tape recorder.

The data analysis software options permit each of the following:

1. Printout of the raw reaction times including marking errors and no-response conditions.

2. Printout of the grouped raw positive reaction times and negative reaction times.

3. An option to specify what range of reaction time to use in the final analysis (i.e., 1000
milliseconds).

4. An option to specify what m-sets to use in the analysis.

5. A printout of the mean (X) and standard deviation (SD) of each m-set.

6. Plots of Xs versus m-sets by combining all Xs in a session.

7. A least squares regression line fit to the data giving slope and intercept of the equation.
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EVALUATION FLIGHT SCENARIO

Task Event Details

(1) Evaluation pilot (EP) is given control of aircraft with desired
display/aircraft characteristics combination. When organized, he
proceeds to join the downwind leg at Z,500 ft MSL.

(2) EP goes on "instruments" using blue visor and follows safety pilot
(SP) directions to intercept ILS beam.

(3) EP descends to 1,800 ft MSL to intercept localizer. SP selects
CAL records, Workload Assessment Device (WAD), and GE
records (if desired).

(4) EP flies glide slope and localizer to perform approach; outer
marker is at approximately 4 mi.

(5) At 200 ft AGL (or a suitable agreed upon height above that point),
EP "breaks out" and flies visually for the rest of the task (lifts

blue visor). Range is approximately 1/Z nmi from runway
threshold.

(6) EP performs touch and go landings, minimizing the sink rate on
touchdown to less than 3 ft/sec, if below landing weight;
otherwise, a low wave-off will be performed (from 20 ft AGL).
Touchdown zone will be carefully defined for the task; essentially,
it will be a 500 ft zone, 1,500 ft down the runway.

(7) After liftoff and at a safe altitude, the SP will turn the recorders
and the WAD off. The EP will fly to join downwind for another
approach. After the fourth and last approach for each evaluation
configuration, the SP will take control to allow the EP to make
his comments and ratings.

0

S~RUNWAY

I] 4NM 8NM

200 FT AG L
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HANDLING QUALITIES RATING SCALE

HANDLING QUALITIES RATING SCALE

ADEQUACY FOR SELECTED TASK OR AIRCRAFT DEMANDS ON THE PILOT PILOT
REQUIRED OPERATION* CHARACTERISTICS IN SELECTED TASK OR REQUIRED OPERATION* RATING

Excellent Pilot compensation not a factor for
Highly desirable desired performance

Good Pilot compensation not a factor for
"Negligible deficiencies deoired performance
Fair - Some mildly Minimal pilot compensation required for
unpleasant deficiencies desired performance 3

Yes

Minor but annoying Desired performance requires moderate
NO[ deficiencies pilot compensation

satis. without warrant c Ie Moderately objectionable Adequate performance requires 5

imimproment deficiencies considerable pilot compensationpno"er"e n Very objectionable but Adequate performance requires extensivetfitolerable deficiencies Pilot compensation 6S

e Adequate performance not attainable with

Is a Major deficiencies maximum tolerable pilot compensation. 7
De in Controllability not in question

rttainabl .............. ..equire Considerable pilot compensation is required 8
prinotworkload? improvement Major deficiencies for control

Mao eiinis Intense pilot compensation is required toMaor deficienc...es retain control

yes

Is Improvement Control will be lost during some portion of
i controllable? mandatory Major deficiencies required operation

Pilot decisions Definition of required operation invoIves designation of flight phase and/or
Cooper-Harper Ref. NASA TND-5153 subphases wth accompanying conditions.

DEFINITIONS FROM TN-D-5153

COMPENSATION PERFORMANCE

The measure of additional pilot effort The precision of control with respect to

and attention required to maintain a aircraft movement that a pilot is able to

given level of performance in the face of achieve in performing a task. (Pilot-

deficient vehicle characteristics, vehicle performance is a measure of
handling performance. Pilot perform-

HANDLING QUALITIES ance is a measure of the manner or

Those qualities or characteristics of an efficiency with which a pilot moves the

aircraft that govern the ease and preci- principal controls in performing a task.)

sion with which a pilot is able to perform
the tasks required in support of an air- ROLE
craft role. The function or purpose that defines the

MISSION primary use of an aircraft.

The composite of pilot-vehicle functions TASK
that must be performed to fulfill opera- The actual work assigned a Pilot to be
tional requirements. May be specified for Terformed i of o a e
a role, complete flight, flight phase, or Performed in completion of or as repre-

flight subphase. sentative of a designated flight segment.

WORKLOAD

The integrated physical and mental effort required
to perform a specified piloting task.
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PRIMARY MEASURES DATA ANALYSIS

Data Parameter
Subtask Record Portion Investigation Area and Statistics

ILS Approach 100 Sec Ending Approach Performance Standard Deviation
at 300 ft AGL of Glide Path Error

(GPE c)

Standard Deviation
of Localizer Error
(LOCE a)

Standard Deviation

of True Angle of Attack
(aT a)

Standard Deviation
of True Track (ý TRa)

Approach Standard Deviation
Controllability of Longitudinal Stick

Force (F esc)

Standard Deviation
of Pitch Angle (0 a)

Standard -Deviation
of Bank Angle (O a)

Standard Deviation
of Throttle Displace-
ment (6 THa)

Z Sec Ending Decision Height Mean of Glide Path
at 300 ft AGL Performance Error (GPE)

Mean of Localizer
Error (LOCE)

Mean of Track
Error (A' TR)

Mean of True Angle
of Attack (aT)
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Data Parameter

Subtask Record Portion Investigation Area and Statistics

Mean Pitch Angle
(0)

Mean of Bank
Angle 0

Flare and 10 Sec Ending Flare F
Landing at Touchdown Controllability es

Ou

1 Sec Ending Touchdown Mean of Indicated
at Touchdown Performance Airspeed (V.)
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